INTRODUCTION
In hydroponic systems, nitrate concentration ([NO 3 ]) of nutrient solutions is specified 1 either by its theoretical initial value or by an actual in-line measurement. These data 2 may largely diverge depending on the initial value and the plant N demand. For In agronomic studies, most authors infer N uptake from plant intake between two 16 harvests dates using plant analysis data. Over short periods of time (typically 1 hour), 17 this destructive method proves to be insensitive in absence of isotopic tracing and must 18 be replaced by non-destructive techniques. They rely almost exclusively on a balance nutrient additions (PNA) to water culture systems using an a priori knowledge of plant 1 N demand (Asher and Blamey, 1987; Ingestad and Ågren, 1988, 1992 instantaneous uptake rates and to study their temporal variation. Automatic setups have 11 been described to use various analytical techniques for concentration determination 12 including HPLC (Goyal and Huffaker, 1986) , UV spectrophotometry (Alloush and 13 Sanders, 1990; Rockel, 1997) , colorimetry (André et al., 1979; Lorenzen et al., 1998) 14 and selective electrodes (Clement et al., 1974; Hansen, 1980; Glass et al., 1983; Blom-15 Zandstra and Lupijn, 1987; Koch et al., 1987; Bloom, 1989) . They all control pH to 16 compensate for net OH -fluxes associated to NO 3 -uptake (Kirkby et al., 2009 volume and the measurement of NO 3 uptake rates over the long term (up to 1 year) with 4 fine resolution (time scalable, down to 5 minutes), allowing for combined studies of 5 seasonal and diel behaviours.
MATERIALS AND METHODS
The following description should suffice to understand Totomatix functioning, but upon 7 simple request to the authors, the software and detailed schematics for the construction 8 of this system can be made available to research projects for non-commercial use.
9
To ensure versatility, the automatic setup ( Fig. 1 ) has been made independent of the 10 cultural system considering that this latter must be hydroponic, typically a continuously 11 flowing solution culture such as the nutrient film technique (NFT enters a flow-through cell equipped with a pH probe (9) and returns (6b) to the tank. implying that some components are present in seven units (1-12, 16, 20-22, 24 In order to restore V sp , deionized water is added until the level sensor detects the upper Nitrate analysis Vercambre and Adamowicz (1996) showed that Fe chelates are major interferers for 1 UV nitrate determination in nutrient solutions. However, from the knowledge of NO 3 2 and Fe-chelate specific absorbances, their respective concentrations in a solution 3 mixture can be determined by spectral deconvolution analysis in the UV domain at two 4 wavelengths or more. Their study compared Fe-EDTA to Fe-EDDHA and they found 5 that the former had lower specific absorbance than the latter, which was also sensitive to 6 pH. On this basis, they recommended using Fe-EDTA in nutrient solution in order to 7 maximize sensitivity on nitrate determination. Since the measurement is independent of 8 pH, the use of Fe-EDTA appears also safer because the UV method remains valid in 9 case of pH-meter failure. It must be drawn to the reader's attention that the use of Fe-
10
EDTA in the present study does not preclude the use of other chelates if their spectra 11 have been adequately characterized.
12
As a compromise between analytical precision and span, k = 5 wavelengths were 13 selected (Table 1) Table 1 ):
At any wavelength, the total absorbance of a mixture through a light path L is the sum 17 of the individual absorbances of active species and of an error E λ (C' m being [Fe-EDTA] 18 and ε being specific absorbances):
Spectral deconvolution uses a least squared error method, i.e. finds the values of C m and 20 C' m that minimize the sum of squared errors at all k wavelengths: The mathematical solution, described in appropriate textbooks (see Clark et al., 1993) , 1 yields three major pieces of information, namely the nitrate and Fe-EDTA 2 concentrations plus a mean error (E) between actual spectra and the restored one after 3 deconvolution:
In order to detect transient E outliers, the following transformed absorbance error E t is 5 also computed from E mean (m 10 ) and standard deviation (sd 10 ) of the ten previous 6 analyses, by applying the following equation to the current E value:
This calculation shares the logics of reduced and centered variables, but it differs 8 because E is not included in m 10 and sd 10 computation.
9
The light path L affects the sensitivity (proportional to L), and the stability and linearity 10 of the spectrophotometer signal (L should keep the peak absorbance A 201 ≤ 2).
11
Depending on experimental needs, the following light paths (in cm, followed by 16
Nitrate uptake
The balance between initial (t 1 ) and final (t 2 ) solution nitrate contents results from stock 17 addition (I N ) at t 1 and plant uptake (U) between t 1 and t 2 , which is thus calculated as:
Thus, considering n plants feeding on the same solution, their mean uptake rate (F) is: The uncertainty on U (ΔU) can be computed from the uncertainties ΔV m , ΔC m and ΔI N 1 on V m , C m and I N , respectively:
The formula omits the term I N × ΔC st since a same stock solution provides for many 3 injections, implying that ΔC st = 0 . Because volume and [NO 3 ] are regulated, they 4 remain close to their respective set points V sp and C sp , giving:
The last term of this expression can also be written:
On average, the product I N × C st is the amount of nitrate restored to the solution that 7 compensates for plant uptake, implying that:
By choosing the appropriate syringe volume, the relative uncertainty ΔI N I N can be 9 maintained ≤ 0.3%, making this term negligible, and thus:
The uncertainty ΔF on F follows from Eqns 9 and 14:
Maintenance The setup has been devised in order to limit the frequency of maintenance operations. It shows that C m was always lower than C sp , which is normal as will be 1 explained below (see Fig. 4 ). Fig. 3b such transient E peaks occur when air bubbles flow through the spectrophotometer cells.
10
Outlier detection is easier on the transformed errors (Fig. 3c) unless it is blocked on the basis of E t by the software. Nevertheless, E t outliers proved proportional to the time interval between analyses. In the experiment involved in Fig.   1 4a, it was adapted to limit the discrepancy around 5%.
2
In diagrams, it is usual to connect data points to indicate that changes in concentration (Fig. 7b) , which smoothed 1 out the diel F pattern (Fig. 7a, 
This last equation smoothed out the diel F pattern (Fig. 7a, closed Given the composition of our nutrient solutions ( Fig. 2 and Indeed, in the one year peach tree trial already cited, this occurred only once.
13
There is an antagonism between the quality of [NO 3 ] regulation and the precision on F 14 measurement. For instance, we observed that regulation was far tighter at high than low 15 C sp (Fig. 3a) while the calculation predicted the opposite for ∆F (Fig. 6 ). Improving C sp , ∆F is much more sensitive to volume precision ∆V sp (Fig. 6a) than to V sp itself (Fig.   20 6b). Conversely, at low C sp ∆F is much more sensitive to volume (Fig. 6d) than to its 21 precision (Fig. 6c) . For instance, at 6 min intervals, a threefold reduction in ∆V sp 22 decreases ∆F by 2.7x and 1.3x at C sp = 3 and 0.1 mM, respectively, while in the same Triboï-Blondel, 1979; Andriolo et al., 1996) , but they seem unworkable in our NFT et al., 1974; Clement et al., 1978b) , while only cumulative U was given above 6 1 mM (Clement et al., 1978a) . another model is applied to infer the solution volume (Fig. 7a , closed vs open symbols). provide an objective and continuous means to infer instantaneous water uptakes.
22
We reckon that the system is suited to measure, especially in long-term experiments, 23 uptake rates at unusually high C sp (3 mM) with reasonable time resolution (1h) and daily (Jordan et al., 2011) . The latter share the logics of the "relative addition rate" 6 approach (Ingestad and Ågren, 1988, 1992) 3.5, Mg = 1.5, H 2 PO 4 = 1, SO 4 = 6 -NO 3 / 2. Micro nutrients as in Table 2 . 
